Pyrimidine is a heterocyclic aromatic organic compound similar to benzene and pyridine. One of the three diazines (six-membered heterocyclics with two nitrogen atoms in the ring) has the nitrogen at positions 1 and 3 in the ring. The other diazines are pyrazine (nitrogens 1 and 4) and pyridazine (nitrogens 1 and 2). It is isomeric with two other forms of diazine. It is single-ringed, crystalline organic base (C 4 
compounds were investigated by Olvera et al. [14] as corrosion inhibitors for steel in 1 M HCl solution using electrochemical impedance spectroscopy (EIS) technique.
However, studies on pyrimidine are limited in spite of their ease of availability and corrosion inhibition properties. In the present chapter an attempt has made to report the corrosion inhibition behavior of four newly synthesized compounds, 6-methyl-4-morpholin-4-yl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester (6-MMOTCE), 6-methyl-4-morpholin-4-yl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester (6-MMTTCE), 6-methyl-4-morpholin-4-yl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid hydrazide (6-MMOTCH) and, 6-methyl-4-morpholin-4-yl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid hydrazide (6-MMTTCH), and to investigate their efficiency as corrosion inhibitors of mild steel in 0.5 M hydrochloric acid medium using mass loss and electrochemical techniques. The synthesized compounds were characterized by FTIR, LCMS and 1 H NMR spectral studies. The experimental findings were discussed in the light of various activation and adsorption thermodynamic parameters. The surface adsorbed film was characterized by scanning electron microscopy (SEM) and variation of inhibition efficiency with structures was also discussed.
2. Synthesis of inhibitors

Synthesis of 6-methyl-4-morpholin-4-yl-2-oxo-1,2,3,4-tetrahydro pyrimidine-5-carboxylic acid ethyl ester (6-MMOTCE)
The synthesis of pyrimidine derivatives is outlined in Scheme 4.1 In a typical experimental procedure a solution of ethyl acetoacetate, morpholine-4-carbaldehyde and urea in ethanol was heated to reflux in the presence of catalytic amount of CaCl 2 to give 6-methyl-4-morpholin-4-yl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester (6-MMOTCE) [15] . 
Synthesis of 6-methyl-4-morpholin-4-yl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-
5-carboxylic acid ethyl ester (6-MMTTCE)
A solution of ethyl acetoacetate, morpholine-4-carbaldehyde and urea in ethanol was heated to reflux in the presence of catalytic amount of CaCl 2 to give 6-methyl-4-morpholin-4-yl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester (6- 
Synthesis of 6-methyl-4-morpholin-4-yl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid hydrazide (6-MMOTCH)
A solution of 6-MMOTCE refluxed with hydrazine hydrate in ethanol to give 6-methyl-4-morpholin-4-yl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid hydrazide (6-MMOTCH) [15] . 
Synthesis of 6-methyl-4-morpholin-4-yl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-
5-carboxylic acid hydrazide (6-MMTTCH)
A solution of 6-MMTTCE refluxed with hydrazine hydrate in ethanol to give 6-methyl-4-morpholin-4-yl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid hydrazide (6-MMTTCH) [15] . 
Results and discussion
Characterization of inhibitors
The synthesized inhibitors were purified and characterized by IR, 1 (Table 4 . 1). This is due to the fact that, adsorption and the degree of surface coverage of inhibitor on the mild steel increases with the inhibitor concentration, thus the mild steel surface gets efficiently separated from the medium [16] . The protective property of these compounds is probably due to the interaction between p-electrons and hetero atoms with positively charged steel surface [17] .
Effect of temperature
The effect of temperature on the inhibitive performance of the synthesized pyrimidine derivatives on mild steel in 0.5 M HCl were studied in the temperature range of 30 -60 °C in the absence and presence of different concentrations of inhibitor during 6 h of immersion time. It was observed that the inhibition efficiency increases with temperature (Table 4 . 1). However, at 50 °C and 60 °C, it was found that a slight increase or constancy in inhibition efficiency with the increase of temperature at different concentration. This may be due to the chemical adsorption alone or due to the combination of physical and chemical adsorption (comprehensive adsorption) [18] , however, beyond 60 °C inhibition efficiency decreases.
The effect of temperature on the inhibited acid-metal reaction is highly complex, because many changes occur on the metal surface such as rapid etching and desorption of inhibitor and the inhibitor itself may undergo decomposition and/or rearrangement [19] . Thermodynamic parameters such as the activation energy E a *, the entropy of activation ∆S a * and the enthalpy of activation ∆H a * for the corrosion of mild steel in the absence and presence of different concentrations of 6-MMOTCE, 6-MMTTCE, 6-MMOTCH and 6-MMTTCH were calculated using the following Arrhenius-type equation:
An alternative formulation of the Arrhenius equation is,
where, k is Arrhenius pre-exponential factor, h is Planck's constant, N is Avogadro's number, T is the absolute temperature and R is the universal gas constant. Using equation ( The positive sign of the enthalpy (∆H a *) reflects the endothermic nature of the mild steel dissolution process [21, 22] . The negative values of ∆S a * for all four inhibitors indicate that the formation of the activated complex in the rate-determining step represents an association rather than a dissociation step, meaning that a decrease in disorder takes place during the course of the transition from reactants to activated complex [23] . 
6-MMTTCE
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6-MMTTCH
Adsorption isotherm
The dependence of the degree of surface coverage (θ) as function of concentration (C) of the inhibitor was tested graphically by fitting it to various isotherms to find the best isotherm which describes this study. Langmuir adsorption isotherm was found to be the best description for all the four synthesized pyrimidine derivatives on mild steel. According to this isotherm, θ is related to the inhibitor concentration, C and adsorption equilibrium constant K ads , as kJ/mol involve sharing or transfer of electrons from the inhibitor molecules to the metal surface to form a coordinate type of bond (chemisorption) [24] . Using equation (4.8) and from the plot of ΔG ads vs. T (Fig. 4.19) , the values of ΔS ads and ΔH ads were computed from slopes and intercepts, respectively, and the results are presented in Table   4 .3 The values of ΔS ads and ΔH ads give information about the mechanism of corrosion.
The negative value of ΔH ads indicates that adsorption process is exothermic. An exothermic adsorption process may be chemisorption or physisorption or mixture of both [25] whereas endothermic process is attributed to chemisorption [26] . In exothermic adsorption process, physisorption can be distinguished from the chemisorption on the basis of ΔH ads values. For physisorption process the magnitude of ΔH ads is around -40 kJ/mol or less negative while its value -100 kJ/mol or more negative for chemisorption [27] .
In the present work, the calculated ∆G ads values (Table 4. 3) varies from 20.38-22.24 kJ mol -1 for the studied inhibitors, which indicated that the adsorption mechanism of the synthesized pyrimidine derivatives on mild steel in 0.5 M HCl solution is neither physisorption nor chemisorption but it is a mixed type. This involves both physisorption and chemisorption (comprehensive adsorption). The values of ΔH ads again confirmed that the pyrimidine derivatives adsorb on the mild steel surface probably through mixed type of adsorption. The value of ∆S ads is negative for all the inhibitors implies that the activated complex in the rate determining step represents an association rather than a dissociation step, meaning that a decrease in disordering takes place on going from reactants to the activated complex [28] . 
Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy (EIS) is a powerful tool in
Potentiodynamic polarization
The and anodic inhibitor effects. Therefore, 6-MMOTCE, 6-MMTTCE, 6-MMOTCH and 6-MMTTCH can be classified as mixed type of inhibitors. This phenomenon implies that the inhibitors could suppress anodic reaction of the metal dissolution as well as cathodic hydrogen evolution [31] . Ferreira and others [32] [33] reported that, if the deviation in the E corr is greater than 85 mV in inhibited system with respect to uninhibited, the inhibitor could be recognized as cathodic or anodic type whereas the deviation in E corr less than 85 mV, it could be recognized as mixed type of inhibitor.
In the present investigation, the maximum deviation range is less than 85 mV for all the four inhibitors, which again conforms that 6-MMOTCE, 6-MMTTCE, 6-MMOTCH and 6-MMTTCH act as mixed type of inhibitors, however, the anodic effect is much more pronounced. Among the synthesized pyrimidine derivatives, 6-MMTTCH shows highest inhibition efficiency. The higher inhibition efficiency of 6-MMOTCH and 6-MMTTCH compare to 6-MMOTCE and 6-MMTTCE is probably due to presence of hydrazide group (-NH-NH 2 ), and highest inhibition efficiency of 6-MMTTCH among all the four is due to presence of sulphur atom in the molecule. The polarisation studies also confirms the inhibiting character of 6-MMOTCE, 6-MMTTCE, 6-MMOTCH and 6-MMTTCH obtained with weight loss measurements. The variation of inhibition efficiency with inhibitor concentration is represented in Figure 4 .29. However, IE % values, determined using polarisation curves were smaller than those determined by weight loss measurements. This difference is probably caused by the shorter immersion time in the case of polarisation measurements. The order of inhibition efficiency was 6-MMTTCH > 6-MMOTCH > 6-MMTTCE > 6-MMOTCE. 6-MMOTCE 6-MMTTCE 6-MMOTCH 6-MMTTCH According to Hoar and Holliday [34] , the adsorption of an inhibitor on the metal surface will induce a partial negative charge at the point of attraction. There are two main ways by which the intensity of negative charge on the metal atom can be reduced:
(i) back donation to sulphur atom and (ii) redistribution of charge at some cathodic sites.
Donnelly et al. [35] attributed that the higher inhibition efficiency of S compounds is due to the presence of d-orbitals which interacts with some of the d-orbital of metal atoms. Overlapping occurs between the orbitals of sulphur atom and the metal, forming a partial d π -d π bond which decreases the residual positive charge on S and negative charge on Fe and strengthening the original electrostatic bond. In 6-MMTTCE and 6-MMTTCH, the presence of C=S group acts as an additional anchoring site for adsorption leading to stronger bond with metal surface and greater inhibition. These facts are also supported by the reports of Ozcan et al. [36] based on quantum chemical calculations. According to them, the highest value of the HOMO density is found in the vicinity of the sulphur atom which clearly indicating that the nucleophilic centre is S atom. Thus, the bond with metal and S will be easily formed rather than with N or C atoms.
Antioxidant activity
The in vitro antioxidant activity of 6-MMOTCE, 6-MMTTCE, 6-MMOTCH and 6-MMTTCH are determined spectrophotometrically by DPPH method and the results are given in Table 4 µg/ml and 15.0 µg/ml. The IC 50 values of 6-MMOTCE and 6-MMTTCE are less than the standard (13.9 µg/ml), whereas IC 50 values of 6-MMOTCH and 6-MMTTCH are greater than that of the standard.
Antioxidant activity and corrosion inhibition
Antioxidants from natural sources have high bioavailability, therefore high protective efficiency against free radical [38] . Free radicals and singlet oxygen scavengers (antioxidants) were found to have metal and alloy corrosion inhibition character, which depend to a greater extent on the structural feature of the antioxidant added and to its accepting-donating hydrogen or electron behaviors [39] . In this HCl solution is physisorption. SEM analysis shows that the formed surface film has higher stability and low permeability in aggressive solution than uninhibited mild steel surface. Hence, they show enhanced surface properties. The highest inhibition efficiency of 6-MMTTCH is due to the presence of C=S group which enhances the electron density on the molecule and act as the active sites for adsorption.
